Phagocytosis plays a fundamental role in the immune system for the defense against invading microorganisms and the clearing of apoptotic and cancerous cells. The common amoeba Dictyostelium discoideum is a recognized model for professional immune phagocytes and is now commonly used to study host-pathogen interactions. Dictyostelium is genetically and biochemically tractable and is a most versatile experimental system. The classical protocol for purifying phagosomes formed by ingestion of latex beads particles has been adapted to Dictyostelium. It was improved in yield, purity, and synchronicity, allowing isolation of milligram amounts of phagosomal proteins and lipids. This method has been used successfully to highlight membrane trafficking and phagosome maturation. Here, we present a step-by-step protocol including detailed notes necessary for ensuring access to a large number of highly synchronized phagosomes of high purity and integrity.
Introduction
Phagocytosis is a fundamental biological process that is morphologically and mechanistically conserved during evolution, from simple protozoa to specialized animal cells. The overall process is complex and consists of the recognition and engulfment of the particle via the formation of a phagocytic cup, followed by a multifaceted maturation process that ensures killing and degradation (or egestion) of the particle. The social amoeba Dictyostelium discoideum is a recognized model for professional immune phagocytes and is commonly used to study host-pathogen interactions with Mycobacteria (1) and Legionella (2). These pathogenic microorganisms manipulate the phagocytic pathway to evade killing. Our studies are aimed at the understanding of the physiological conditions and changes accompanying phagosome maturation, as well as the manipulations exerted by pathogens. Such studies require the purification of phagosomes of high purity and intactness. Ingestion of lowdensity latex beads by phagocytic cells allows one to purify the bead-containing phagosomes via their flotation in sucrose-step gradients. The method was originally introduced by Wetzel and Korn for Acanthamoeba (3) and adapted successfully to macrophages by Desjardins and collaborators (4). Because Dictyostelium is a very effective phagocyte with rates of phagocytosis 10-to 20-fold higher than than those of macrophages, the protocol was adapted to this model organism and further refined. Compared with macrophages, Dictyostelium can easily be grown in shaking culture up to an optimal density of 10 7 cells/mL. In a routine experiment, we use 100 mL of cell suspension (10 9 cells total) and an initial ratio of about 180 latex beads/cell that optimally leads to the formation of about 40 phagosomes/cell, or 4 × 10 10 phagosomes in total. This yield is between 10-and 100-fold higher than a typical preparation from macrophages (4).
The following protocol has been optimized for fast access to a large number of pure, intact, and synchronized phagosomes. Synchronicity was ensured by a preincubation in the cold of cells and beads at high concentration. It is possible to concomitantly biotinylate the cell surface to allow monitoring of the uptake and recycling of plasma membrane proteins during maturation. Phagosome purity was significantly improved by a brief incubation of the cell lysate with ATP (5), which releases the rigor mortis actin/myosin interaction, thereby avoiding piggy-backing of enmeshed organelles. We also describe here a pulse-chase protocol that gives access to all stages of phagosome maturation (5,6). 
Materials 2.1. Buffers and Equipment

Cell Culture
Dictyostelium discoideum cells of wild-type strain Ax2 are grown axenically in HL5c medium (7) (ForMedium Ltd, Norwich, UK) in shaking culture (at 180 rpm) at 22°C to a density of 5 × 10 6 cells/mL.
Preparation of Latex Beads
Always prepare fresh. 0.5 mL of 0.8-µm latex beads suspension (approx 3.57 × 10 11 beads/mL, Sigma, St. Louis, USA) are spun down in an Eppendorf tube (10,000g, 5 min). The beads are washed twice in HL5c to remove the detergent and sodium azide contained as preservatives in the suspension supplied by the manufacturer, and finally resuspended in 0.5 mL of SB and kept on ice. Extensive washing of the latex beads appears critical, as insufficient washing blocks phagocytosis. Note that, for routine production of phagosomes, the beads are coated with HL5c medium, which prevents bead clumping. Alternatively, if surface biotinylation is intended, the beads are only washed with H 2 O, but the tendency to clump is higher. Before use, the bead suspension is sonicated for 5 min in a bath sonicator.
Preparation of Sucrose Step Gradients
Prepare sucrose step gradients in disposable centrifuge tubes (Ultra-clear tubes 25 × 89 mm, Beckman) by layering the following sucrose solutions on top of each other: 6 mL of 60%, 12 mL of 35%, 12 mL of 25% sucrose in 20 mM HEPES-KOH, pH 7.2. At this step, the gradients can be stored overnight without vibration. The last layer composed of 3 mL of 10% sucrose in 20 mM HEPES-KOH, pH 7.2 is added after the phagosome samples have been loaded, to obtain an undisturbed 25-10% interface and to balance the tubes exactly. 6. Incubate at 22°C while shaking at 120 rpm for the appropriate period of time (see Subheading 3.3.). 7. At the chosen time point, in order to stop phagocytosis, pour the 100-mL sample into 330 mL of ice-cold SSB prealiquoted in centrifugation bottles (500 mL, 69 × 160 mm Beckman rotor JA-10) kept on ice (for steps 7-10, see Note 3). 8. Centrifuge cells for 6 min at 800g. 9. Resuspend the cell pellet in 50 mL ice-cold HESES and centrifuge again for 4 min at 500g (clinical centrifuge). 10. Repeat this washing step once to thoroughly wash away uningested latex beads. 11. Resuspend cell pellet (approx 2 mL) in 2 mL of HB containing a protease-inhibitor cocktail (Complete EDTA-free, Roche) at 2X concentration, resulting in a 1X final concentration. 12. Homogenize cells by eight passages through a ball homogenizer (see Fig. 1 and Note 4). 13. Adjust the final concentrations of ATP to 10 mM, of MgCl 2 to 10 mM, and of sucrose to about 45-50% from freshly made stocks (0.1 M ATP in 40% sucrose, 14. Mix gently for 15 min using an overhead-tumbler or a wheel. 15. Load the density-adjusted homogenate between the 60% and 35% layer of the sucrose step gradients using a syringe and a needle (100 mm ×1.5 mm), and overlay with 3 mL of 10% sucrose solution. 16. Centrifuge gradients in a Beckman rotor SW 28 at 28,000 rpm (100,000g average), 4°C for 3 h (see Fig. 2 and Note 6). 17. Collect the interphase between 10% and 25% and dilute with membrane buffer to a final volume of 15 mL, mix by inverting the tube. 18. Take a 50-µL aliquot to measure scattering at 600 nm to calculate the number of phagosomes in the sample (see procedure under Subheading 3.2. and Fig. 3 ). 19. Dilute this suspension further with membrane buffer to a final volume of 37 mL (to steps 19-21, see Note 7). 20. Pellet phagosomes in a Beckman rotor SW 28 at 28,000 rpm (100,000g average) for 45 min 21. Resuspend the pellet in storage buffer (adjust the amount of buffer according to the scattering measurements so as to reach the same concentration of phagosomes in all samples) (see procedure under Subheading 3.2.). 22. Snap-freeze aliquots in liquid nitrogen and store at -80°C until further use (see Fig. 4 ). 
Measurement of the Phagosome Concentration and Yield
Light scattering at 600 nm is used to measure the concentration of latexbead phagosomes in each sample. A standard curve can be made with serial dilutions of the beads, generating a linear correlation between scattering and bead concentration in a range between 2 × 10 7 and 2 × 10 8 beads/mL (see Fig. 3 ). We determined that scattering was caused only by the latex beads and not contaminating particles and/or organelles by treating the latex beadsphagosome sample with sodium dodecyl sulfate (SDS) and pelleting. The resulting "clean" latex beads yielded the same scattering values as when residing inside phagosomes (not shown).
Pulse-Chase Feeding
The protocol described under Subheading 3.1. was adapted slightly to purify phagosomes at different stages of maturation (see Note 8). 3. The samples of the 5-and 15-min pulse are then treated as in Subheading 3.1., step 9 and subsequent steps, whereas for the chased samples, the cell pellets of step 8. are first resuspended in 5 mL of ice-cold HL5c and further phagosome maturation initiated by flash dilution in 100 mL of HL5c at 22°C. 4. Stop phagosome maturation in the chased samples as described in Subheading 3.1., step 7 on, and purify phagosomes (see Figs. 4 and 5 ).
Notes
1. The preincubation step is performed in order to maximize the number of latex beads adsorbed onto the cells. If desired, it is also possible to concomitantly biotinylate plasma membrane proteins, using 5 mg of Imuno-Pure NHS-LCBiotin from Pierce (Rockford, IL). The high pH is thus necessary for efficient biotinylation, but the cells should not be kept for extended periods of time at this pH. 2. To start phagocytosis, a 20-fold excess (100 mL) of HL5c medium at 22°C is added to the sample, instantaneously raising the temperature and thus generating a sharp synchronous wave of uptake. 3. To stop the phagocytic process, the 100-mL cell suspension is poured into 3.3 volumes of ice-cold SSB and immediately centrifuged. The use of 120 mM sorbitol is crucial in order to increase the bead flotation and yet not perturb cell pelleting. These two cycles of resuspension/centrifugation are sufficient to eliminate a maximum of uningested beads. 4. Homogenization using a ball homogenizer results in homogeneous cell breakage together with preservation of organelle integrity. The osmolarity of the buffer, the void clearance, and the number of passages is optimized to yield about 95% cell breakage (see Fig. 1 ). Higher ratio of cell breakage only results in increased nuclear lysis and contamination of cytoplasm with chromatin. Subsequent treatments carefully avoid vortexing, fast pipetting through narrow openings, or other harsh procedures that damage phagosomes. 5. Use of a physiological concentration of ATP for a few minutes in the cold avoids artefactual formation of a rigor mortis meshwork of actin and myosins that was shown to entrap contaminating organelles. Omission of ATP has visible consequences (see Fig. 2 ), as it prevents fast and clean flotation of the phagosomes (this can be compensated by longer centrifugation). It also results in the co-fractionation of vast amounts of an actin-myosin II meshwork (as judged by Coomassie staining of the resulting fractions after SDS-polyacrylamide gel electrophoresis [PAGE]), which was shown to entrap contaminating organelles (5). 6. If centrifugation time is reduced to under 3 h, the fractionation on the gradients was not as sharp, and the phagosome yield is about 20-30% lower. The rotor must stop without brake to avoid vibrations. 7. The 14.95 mL of phagosome suspension are further diluted with membrane buffer up to 37 mL and pelleted in the SW 28 again for 1 h at 28,000 rpm (100,000g average). This dilution is necessary in order to decrease the sucrose concentration and thus decrease the buoyancy of the latex-beads phagosomes. The pellet is resuspended in storage buffer using adjusted amounts of this buffer according to the scattering measurements to normalize the concentration of phagosomes (see Subheading 3.2. and Fig. 3 ). 8. Because of the extreme dynamics of the first minutes, time points of 5 and 15 min cover the first signaling, cytoskeleton, and membrane-trafficking phases. The 5-min sample is processed and homogenized before the 15-min chase is ended, whereas the other four pellets are resuspended in 5 mL ice-cold medium and the chase period is started by pouring into 100 mL of 22°C medium. Only then is the 15-min pulse sample processed and homogenized. The chase is stopped after 15 min, 45 min, 1 h 45 min, and 2 h 45 min to cover most maturation stages until exocytosis of the particles. SDS-PAGE analysis of equal volumes of phagosome samples results in a gel in which each lane is loaded with an identical number of phagosomes, resulting in a relatively homogeneous band pattern (see Fig. 5 ), indicating equal loading. Nevertheless, some differences are clearly visible and highlight the progression of the maturation process and the unique identity of phagosomes at each stage.
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